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(54) Title: METHOD FOR DETECTION OF ALIEN MATTER CONTENTS IN GASES 




(57) Abstract 

The objective of the invention is a method for detection of alien matter contents in gas, in which method the gas and the 
substances contained in it are ionized in an ionization room (1). By the present methods impurities in gases cannot be determined 
fast and in small concentrations. In the method of the invention the ions contained in the gas are separated in a separation sec- 
tion (2) into positive and negative ions, of which at least the ions of either sign are led into a narrow analyzer channel (4). There, 
due to the capillary force, they are be forced to move in the middle section of the channel, from where they are deflected by elec- 
tric fields of different strength caused by different voltages (U r U I0 ) into an electrode located at the edge of the channel, where 
they cause ion current (I r I 10 ). On the basis of the ion currents a current spectrum is made, on the basis of which different 
substances are detected and their concentrations determined with the aid of corresponding spectra obtained with standard 
samples of different substances. 
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METHOD FOR DETECTION OF ALIEN MATTER CONTENTS IN GASES 

The object of the invention is a method for detection of 
alien matter contents in gases, in which method the gas is 
first ionized and alien matters are detected and determined 
5 by the bahaviour of formed ions. 

Alien matter contents are often detected and determined in 
order to control that the air is safe to breath. Particu- 
larly, when analyzing certain very poisonous substances, 
which appear in small quantities, other substances of air 

10 may disturb detection. The quantities of different sub- 
stancies, such as carbon dioxide, may vary in air. The 
detection of different molecules or molecule groups from 
gases or vapour of vaporized solid or liquid materials is 
often connected with problems. Particularly, detection of 

15 poisonous substances, such as nerve gases spread in the air, 
reliably and fast enough from small quantities, is diffi- 
cult. The detection should be made in a few seconds and, 
with the most effective nerve gases, from concentrations as 
small as l/loo ppm. 

20 At present the most sensitive analyzing devices are based on 
ionizing the air for example by alfa or beta radiation and 
measuring the ions in different circumstances. In one 
method, the ions are made to penetrate through a certain 
kind of a labyrinth and the remaining ions are measured from 

25 the current they generate. Another method observes the mobi- 
lity of the ions through different grids and finally ion 
current is measured. By these two methods very heavy mole- 
cules, such as most combat gases, can be detected from air. 
In one method ionized molecules are led through chambers, 

30 which have different electric fields, and the nature and 
concentration of the molecules of alien matters are tried to 
be detected by measuring the current from these electric 
fields. This method is rather efficient, but the recombina- 
tion of different charges is a problem, because it makes 
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ions disappear faster. 

The aim of the invention is to bring about a method for the 
detection of alien matter contents in gases, by which the 
nature and quantity of different alien matter components in 
5 a gaseous state are measured and detected, even small con- 
centrations, such as below 1 ppm. In particular the purpose 
of the invention is to bring forth a method, by which the 
consistency and quantity of nerve gases or other similar 
gases can be detected quickly and early. 

10 The aim of the invention is achieved by a method, the char- 
acteristics of which are presented in the claims. 

In the method according to the invention the gas and the 
different substances contained in it are ionized in a 
ionization room by applicable radiation, for instance by 

15 alfa radiation. After this the gas is transferred into a 
separating part, where the ions in the gas are separated 
into positive and negative ions. At least the ions with one 
sign are led into a narrow analyzing channel, in which they 
are forced to move in the middle section of the channel 

20 because of the capillary force. From here they are taken by 
electric fields of different strength to an electrode 
located at the edge of the channel, where they cause ion 
current. On the ground of the ion currents a current spec- 
trum is calculated, from which different substances are 

25 detected and their concentrations determined with the aid of 
corresponding spectra calculated from standard samples of 
different substances. The analyzing channels are made 
narrow, so the ions move in them without losses, even 
distances of several tens of meters, especially when they 

30 are well separated from the ions with opposite sign. This is 
the so called capillary transportation, which is known from 
some ion transportation equipments used in nuclear physics. 
In the capillary space the ions are deflected with different 
electric fields away from the carrier gas, small and highly 
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charged ions or particles are deflected by a low voltage, 
while large molecules or particles with a small charge 
require a high voltage. When this is done in both channels, 
we get a spectrum, in which for example x-axis is the 
5 voltage from negative (deflection of positive ions) to 
positive (deflection of negative ions), and y-axis is the 
ion current measured from corresponding deflection spot. 
From this spectrum different substances can then be detected 
based on the spectra of standard samples. 

The method is functioning in atmospheric pressure or in 
underpressure. The air can be filtered mechanically before 
the analysis or, for example moisture can be removed. Often 
the air is also heated in order to vaporize the aerosol 
particles contained in it. If liquids are analyzed, they are 
first brought into a gaseous state by lowering the pressure 
and/or heating. 

in a favourable embodiment of the invention positive ions 
are deflected to one edge and negative ions to the other 
edge of the separation section by a magnetic field per- 
pendicular to the direction of the gas flow. Also, absorb- 
tion of the ions, which have been forced to the edge of the 
channel in the separation section, is prevented by charging 
the wall with a charge whose sign is equal to the charge of 
the ion. in another favourable embodiment of the invention 
the ions are separated into positive and negative by an 
electric field across the separation section, in which case 
the positive ions go towards one edge and the negative ions 
towards the other edge. In some embodiments one or more 
electric fields can be used and/or electric and magnetic 
fields at the same time. 

In one favourable embodiment successive grids are placed 
into the channels, which are branched off from the channel 
that goes through the separation section, and the voltage in 
these grids increases from one grid to the next in positive 
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direction in a channel for negative ions and in negative 
direction in a channel for positive ions. This way the flow 
is made more effective. 

In the following the invention is explained more in detail 
5 by referring to the attached drawing, in which 

figure 1A presents a device system for the application of 
the method in accordance with the invention in cross-section 
and seen from the side, and 

figure IB presents a current spectrum obtained by a device 
10 system presented in figure 1A. 

In the embodiment presented in figure 1A the gas 7, which is 
led into the device system g is continuously ionized in ttiB 
chamber 1 by an alfa radiation source. After this the gas is 
led into the separation section 2, where it is separated by 

15 one or more electric fields or by electric and magnetic 
fields together so that the negative ions in this embodiment 
are taken to the left and the positive ions are taken to the 
right into the analyzing channels 3 and 4. In the analyzing 
channels the ions are deflected by different electric 

20 fields, caused by voltages Ua-U* in the channels for negative 
ions, and we can measure positive ion currents Ix-I^. In the 
analyzing channels for positive ions, ions are deflected by 
electric fields caused by voltages U 6 -U xo , and we can measure 
ion currents I«-I xo . The voltages in the channels can vary as 

25 wanted, and also the lengths of the electric fields. The 
height of the channel must, however, be such, that the so 
called capillary forces have a strong effect on the ions, 
that is the ions tend * to move along the center of the 
channel. In other words," the height of the channel is 

30 preferably less than 1 mm. From the analyzing channels the 
gas is sucked through the air pumps 5 and 6 away from the 
device system. 

Figure IB presents a current spectrum obtained from 
measurements. In principle, a different spectrum is always 
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obtained with different molecules, on the basis of the 
current spectrum, different substances are recognized and 
their concentrations in the gas are determined. In this the 
corresponding spectra obtained by measurements with standard 
samples of different substances are used. If the strengths 
of the fields are appropriately changed, differencies 
between differing molecule groups can be emphasized and for 
example different nerve gases can be detected. 

The invention is not limited to the presented example of 
usage, but it can further more be used in many other 
embodiments besides analyzing of air. Such embodiments are 
for example monitoring of industrial processes, where 
different molecules are recognized in the detectors of 
different chroma tographs , such as liguid and gas chromato- 
graphs. The amount and values of the electric fields, and 
also the geometry of the device, can be varied unlimitedly. 
For the positive and/or negative ions two or more analyzing 
channels can be used, in which case also the ratios between 
the currents caused by ions deflected in different electric 
fields are measured. The separator section can also be 
different, the main thing is, that it separates the ions for 
the most part into positive and negative. 
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CLAIMS 

1. Method for determining of alien mateer content, in which 
method the gas and the substances contained in it sure 

5 ionized in an ionization room (l) f characteri- 
ze d in, that the ions contained in the gas are separated 
in a separation section (2) into positive and negative ions, 
of which at least the ions of either sign are led into a 
narrow analyzer channel (4), where they will, due to the 

10 capillary force, be forced move in the middle section of the 
channel, from where they are deflected by electric fields of 
different strengths caused by different voltages (tV-U 5 ) and 
(U 6 -U 10 ) into an electrode at the edge of the channel, where 
w**%iss iwu curr«nw ^ ^i =a 5 / aiiu \**-« ~^xo / aiwt una 1- on wu9 

15 basis of the ion currents a current spectrum is made on the 
basis of which different substances are recognized and their 
concentrations determined with the aid of corresponding 
spectra obtained with standard samples of different 
substances. 

20 

2. Method according to claim 1, characterized 
in, that in the separation section (2) the positive ions are 
deflected to one edge and the negative ions to the other 
edge by a magnetic field perpendicular to the direction of 

25 the gas flow and absorbtion of ions which have been forced 
to edge by charging the wall with a charge of same sign as 
the ion has. 

3. Method according to claim 1, characterized 
30 in, that as the channel of the separation section (2) 

branches, successive grids are placed into the branch 
channels, in which grids the voltage rises to positive 
direction in a channel for negative ions and to negative 
direction in a channel for positive ions when moving from 
35 one grid to the next. 

4. Method according to claim 1, characterized 
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in, that in the separation section (2) the ions are 
separated into positive and negative ions by a crosswise 
electric field, so the positive ions will move towards one 
edge of the channel in the separation section, and the 
5 negative ions towards the othe edge. 

5. Method according to some of claims 1-4, characte- 
rized in, that at least two analyzer channels are 
used for both negative and positive ions, in which case also 
10 the relations between currents caused by ions deflected in 
different electric fields are measured. 
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